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(§) Fuse Conductor. 



Disclosed herein is a fuse conductor to be melted at a small current value, which can be contained in a 
circuit component such as a capacitor, or a semiconductor device such as IC, a transistor or the like. The fuse 
conductor can also be applied to a fuse element or directly interconnected in a circuit, to prevent an excess 
current. 

According to a first aspect of the present invention, the fuse conductor is made of at least one metal 
selected from a group of Cu. Ag and An or an alloy of the metal and unavoidable impurities, and its wire 
diameter is in a range of 0.02 to 0.10 mm. 

According to a second aspect of the present Invention, the fuse conductor comprises a central conductor (1) 
and a coating layer (2) of at least one metal selected from a group of Ag, Au, Sn and Pb or an alloy of the metal 
and provided around the centra! conductor (1), and its wire diameter is in a range of 0.02 to 0.10 mm. 

FIG.1 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a fuse conductor which is instantaneously broken when an excess 
current flows beyond the rated value. More particularly, it relates to a fuse conductor which is integrated 
into a semiconductor device such as 10. a transistor or the like, or a circuit component such as a capacitor, 
to open a circuit when an excess current flows to such a device or component, thereby preventing the same 
from burning. 

The present Invention also relates to a fuse conductor which is applied to a fuse element or directly 
interconnected with a lead wire part of a circuit, in order to prevent an excess current. 

Description of the Background Art 

A conventional fuse conductor is prepared from Pb, Zn. a Pb-Sn alloy or the like, as described in 
"Kinzoku Binran" edited by Nihon Kinzoku Gakkai. Fourth Edition revised on December 20. 1982 p 1007 
A fuse conductor of such a metal or alloy is melted by Joule heat of an excess current, to open an electric 
circuit. In order to precisely decide a fusing current regardless of the outside air temperature, such a fuse 
conductor may be formed by a tungsten wire. Further, a fuse conductor to be melted upon overheating of a 
heating atmosphere is prepared from a Wood's metal, which is melted at a low temperature. 

Japanese Patent Laying-Open No. 2-106807 (1990) and U.S. Patent No. 5.019.457 describe a Pb-Ag 
alloy, which is known as a material for a fuse conductor to be contained in a semiconductor device or an 
electronic component. 

However, it has been difficult to draw such a conventional fuse conductor into an extra fine wire which 
25 can provide a fuse function to a semiconductor device or a circuit component. Therefore, another apparatus 
having a fuse function is Integrated into such a device or component, to provide the fuse function. Although 
a fuse conductor to be contained in a semiconductor device or an electronic component is put into practice 
in some quarter, a large fusing current is required for melting such a fuse conductor. Thus, awaited is a 
fuse conductor which is melted at a smaller fusing current. 
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SUMMARY OF THE INVENTION 



An object of the present invention is to provide a fuse conductor which is melted at a small fusing 
current and can be contained in a circuit component such as a and can be contained in a circuit component 
35 such as a capacitor, or a semiconductor device such as IC, a transistor or the like. 

Another object of the present invention is to provide a fuse conductor which is applied to a fuse 
element or directly interconnected in a circuit, for preventing an excess current. 

A fuse conductor according to a first aspect of the present invention is made of at least one metal 
selected from a group of Cu, Ag and Au or an alloy of the metal and unavoidable impurities, and its wire 
40 diameter is in a range of 0.02 to 0.10 mm. 

The fuse conductor according to the first aspect of the present invention, which is prepared from a 
metal selected from the group of Cu, Ag and Au or an alloy of the metal, is excellent in drawability and can 
be worked into a wire diameter smaller than that of a conventional fuse conductor. 

In order to change strength, electrical resistance etc. of the material, it is possible to add an alloyinn 
45 element to Cu. Ag or Au. For example, it is possible to use an alloy which is prepared by addina Cu to Ac 
or Sn to Cu. ' » y. 

According to the first aspect of the present invention, the wire diameter of the fuse conductor is set in 
the range of 0.02 to 0.10 mm. If the wire diameter exceeds 0.10 mm, the value of a current required for 
melting the fuse conductor is so increased that an armoring case and a substrate may be undesirably 

50 scorched. If the wire diameter is less than 0.02 mm. on the other hand, it is industrially difficult to work the 
fuse conductor. Further, it is difficult to handle a fuse conductor of less than 0.02 mm in wire diameter to 
integrate the same into a circuit component such as a capacitor. 

The fuse conductor according to the first aspect of the present invention, which is prepared from a 
matenal having excellent drawability, can be worked into a fine wire or an extra fine wire. Thus, it is posstblo 

55 to obtain a fuse conductor which has an excellent prearcing time-current characteristic. Therefore the 
inventive fuse conductor is effectively applied to a field which requires a high resistance value as well as a 
fine wire or an extra fine wire. In particular. Ihe inventive fuse conductor is suitably contained in a circuit 
component such as a capacitor, or a semiconductor device such as IC, a transistor or the like. 
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Further, the inventive fuse conductor is also applicable to a fuse element or a fuse conductor providing 
a fuse function in a part of a circuit which is formed on a substrate. 

The inventive fuse conductor is particularly usefully contained in a tantalum chip capacitor, which may 
be burned when a circuit component is erroneously integrated thereinto. Since the inventive fuse conductor 
5 can be thus contained in a semiconductor device or a circuit component, it is not necessary to integrate an 
extra apparatus having a fuse function into an electronic device independently of such a semiconductor 
device or circuit component, dissimilarly to the conventional case. Thus, it is possible to reduce the number 
of components, as well as to manufacture an electronic device having high reliability. 

Further, the inventive fuse conductor may be applied to a conductor providing a fuse function in a 
10 circuit, which is formed on a substrate, to require no conventional fuse element. 

A fuse conductor according to a second aspect of the present invention comprises a central conductor 
and a coating layer, which is made of at least one metal selected from a group of Ag, Au, Sn and Pb or an 
alloy of the metal, provided around the central conductor, and its wire diameter is in a range of 0.02 to 0.10 
mm. 

75 The material for the central conductor is not particularly restricted so far as the same has excellent 

drawability, while Cu, Fe, At or an alloy thereof is preferably employed. With respect to a Cu alloy, it is 
possible to improve tensile strength and electrical resistance by adding a proper amount of Sn as an 
alloying element. In this case, the amount of Sn to be added is preferably in a range of 0.3 to 10 %. If the 
amount exceeds 10 %, drawability is so reduced that it is difficult to work the fuse conductor into an extra 

20 fine wire. If the amount is less than 0.3 %, on the other hand, tensile strength and electrical resistance are 
not much improved. 

Fig. 1 is a sectional view showing an embodiment of a fuse conductor according to the second aspect 
of the present invention. Referring to Fig. 1, the fuse conductor according to the second aspect of the 
present invention comprises a coating layer 2 which is provided around a central conductor 1 . The coating 

25 layer 2 can be provided around the central conductor 1 by electroplating or hot dipping, for example. 
According to the present invention, the surface layer is made of at least one metal selected from a group of 
Ag, Au. Sn and Pb or an alloy of the metal, while the metal or alloy may contain unavoidable impurities. 

The thickness of the surface layer is preferably in a range of 0.5 to 10 um. If the thickness of the 
surface layer is less than 0.5 um, it may be impossible to attain a sufficient effect of solderability. If the 

30 thickness of the surface layer exceeds 10 um, on the other hand, the cost is increased while improvement 
of solderability following such increase of the thickness is undesirably saturated in view of economy. 

The wire diameter of the fuse conductor according to the second aspect of the present invention is set 
in the range of 0.02 to 0.10 mm. If the wire diameter exceeds 0.10 mm, the value of a fusing current 
required for melting the fuse conductor is so increased that an armoring case and a substrate may 

35 undesirably be scorched. If the wire diameter is less than 0.02 mm, on the other hand, it is difficult to 
industrially work the fuse conductor. Even if the fuse conductor can be worked into a diameter of less than 
0.2 mm, it is difficult to handle this fuse conductor to integrate the same into a circuit component such as a 
capacitor. 

The fuse conductor according to the second aspect of the present invention, which has a surface layer 

40 of a metal selected from a group of Ag. Au, Sn and Pb or an alloy of the metal, has excellent solderability. 
Further, the inventive fuse conductor has an excellent prearcing time-current characteristic since its wire 
diameter is in the range of 0.02 to 0.10 mm. Thus, the fuse conductor according to the second aspect of 
the present invention can be effectively applied to a field which requires a high resistance value as well as a 
fine wire or an extra fine wire. 

45 The inventive fuse conductor can be particularly effectively applied to a semiconductor device such as 
IC. a transistor or the like, or a circuit component such as a capacitor. In particular, the inventive fuse 
conductor is effectively applied to a conductor to be contained in a tantalum chip capacitor, which may be 
burned if a circuit component is erroneously integrated thereinto. Further, the inventive fuse conductor is 
also applicable to a fuse element, or a fuse conductor providing a fuse function in a part of a circuit which is 

50 formed on a substrate. 

Thus, the fuse conductor according to the second aspect of the present invention is so employed that it 
is not necessary to prepare an extra apparatus having a fuse function, which has generally been integrated 
into an electronic device independently of a semiconductor device or a circuit component. 

Thus, it is possible to reduce the number of components by employing the fuse conductor according to 

55 Ihe second aspect of the present invention, to enable mafiufacluring of an electronic device having high 
reliability. Further, the inventive fuse conductor may be applied to a conductor providing a fuse function in a 
circuit which is formed on a substrate, so that no conventional fuse element is required. 

The foregoing and other objects, features, aspects and advantages of the present invention will become 

3 



BNSDOCID <EP 



048K-«3A2 I 



5 



10 



EP 0 481 493 A2 

more apparent from the following detailed description of the present invention when taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing an embodiment according to a second aspect of the present invention; 
and 

Fig. 2 is a sectional view showing a capacitor containing a fuse conductor according to another 
embodiment of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Examples 1 to 3 according to the first aspect of the present invention are now described. 
/5 Example 1 

Alloys and pure metals having compositions shown in Table 1 were cast by a fusion casting method. 
The asformed ingots were forged and drawn to prepare inventive samples Nos. 1 to 10 of pure metal wires 
and alloy wires having wire diameters shown in Table 1 respectively, 

20 Prescribed dc currents were fed to the as-formed pure metal wires and alloy wires, to evaluate 

prearcing time-current characteristics by measuring the minimum fusing currents required for melting the 
wires within 1 second. The prearcing time-current characteristics are improved as the fusing currents are 
reduced. In this test, the alloy wires and the pure metal wires were integrated into prescribed circuits, with 
fuse lengths of 2 mm. The minimum fusing currents, which were required for melting the inventive samples 

25 Nos. 1 to 10 within 1 second, were in a range of 1.0 to 9.5 A. 

On the other hand, comparative samples Nos. 11, 12 and 13 were prepared from a copper wire, a silver 
wire and a gold wire, whose wire diameters were in excess of the range of the present irivention, 
respectively. All such comparative samples required fusing currents of at least 10 A. Thus, the metal wires 
of the comparative samples Nos. 11 to 13 were unsuitable for integration into a semiconductor device or a 

30 circuit component. 

While an attempt was made to prepare fine wires from lead, zinc and a lead-tin alloy, i.e., materials 
which have been generally employed for fuse conductors, it was impossible to work such materials into 0.1 
mm in wire diameter. 
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Table 1 
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Au 
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1 


100 






0.030 


1 . 7 




2 




100 




0 - 050 


6 . 3 




3 






100 


0-027 


1 . 0 


(D 


4 

5 


28 


72 
100 




0 .040 
0.040 


1 . 8 
4.3 




c 
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100 










I tiv 
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100 






0.100 


9 . 5 
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20 


80 




0 .050 


4.0 




9 


99 .5 


0.5 




0.040 


4.5 




10 




95 




0 .040 


4.3 
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11 
12 


100 


100 




0.150 
0.120 
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U 4-J CO 


13 






100 


0.200 


•k 



* at least lOA 
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Example 2 



35 An Ag-28%Cu alloy, which was similar in composition to the inventive sample No. 4 of Example 1 
shown in Table 1 , was drawn into 50 um in wire diameter in a similar manner to Example 1 . The as-formed 
alloy wire exhibited tensile strength of 100 kg/mm^, and a fusing current, i.e., the minimum current required 
for melting the wire within 1 second, of 3.5 A. This alloy wire was contained in a capacitor, to serve as a 
fuse conductor. 

40 Fig. 2 is a sectional view showing a capacitor which contains such a fuse conductor. Referring to Fig. 2. 
electrodes 12 and 13 are provided on both sides of a dielectric member 11. An end of a lead wire 14 is 
connected to the electrode 12. A fuse conductor 16 of the aforementioned alloy wire is electrically 
connected between an end of another lead wire 15 and the electrode 13 by solder means 17 and 18 
respectively. The entire capacitor is sealed with resin 19. When a current five times the value of the rated 

45 current was fed to this capacitor, only the fuse conductor 16 was broken with no damage to other electric 
circuits including the capacitor. 

As clearly understood from the above description, the alloy wire of Example 2 according to the first 
aspect of the present invention is suitable as a fuse conductor which is contained in a capacitor. 



50 Example 3 



A fuse wire of 50 um in wire diameter, which was No. 9 shown in Table 1, was interconnected with a 
part of a lead wire provided on an input side of a transformer with a length of 30 mm, to form a circuit. 
When a current of 3 A, which was three times the value of the rated current, was fed to this transformer, the 
55 fuse wire was melted within 1 second, to prevent the transformer from burning. 

As clearly understood from the above description, the fuse wire according to the first aspect of the 
present invention can simplify the structure of a fuse circuit, which has generally been formed by a fuse 
tube, a holder and the like, to attain a compact configuration. 
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Examples 4 to 7 according to the second aspect of the present invention are now described. 



Example 4 
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Coating layers of gold, silver, tin, eutectic solder and the like were formed around central conductors of 
0.7 mm in wire diameter by plating or cladding, as shown in Table 2. The as-formed wires were further 
worked into prescribed wire diameters, and subjected to evaluation of prearcing time-current characteristics 
and solderability. 

The prearcing time-current characteristics were evaluated from the minimum fusing currents, which 
were required for melting the wires within 1 second. The required for melting the wires within 1 second. The 
prearcing time-current characteristics are improved as the fusing current values are reduced. In this test, the 
fuse conductors were integrated into prescribed circuits, with fuse lengths of 2 mm. 

Further, solderability was evaluated through zero cross times (ZCT) In a meniscograph method, as 
follows: 

Evaluation of Solderability 

A: excellent in solderability with ZCT of 0 to 1 sec. 

B: solderable with ZCT of 1 to 1 .5 sec. 

C: hard to attain soldered connection with ZCT of > 1.5 sec. 
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A 
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38 
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A 
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45 

As clearly understood from Table 2, it was easy to work the alloy wires and pure metal wires of 
samples Nos. 1 to 22 according to the second aspect of the present invention into wire diameters in a range 
of 30 to 100 um, and the minimum fusing currents required for melting the samples within 1 second were in 
a range of 0.8 to 9.4 A. Further, these samples were excellent in sofderability. 

50 On the other hand, comparative samples Nos. 23 to 25 were prepared from fuse conductors whose wire 
diameters were in excess of the range of the present invention. As understood from Table 2, all such 
comparative samples required large fusing currents, and were improper as fuse conductors to be contained 
in a semiconductor device or a circuit component. 

Still another comparative sample No. 26 was prepared from a fuse conductor which was provided with 

55 no surface layer, and subjected to evaluation of a fusing current and solderability. This sample was 
extren^ety inferior in solderability. 

Example 5 
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A Cu-0.3%Sn alloy plated with Ag was drawn into 30 urn in wire dianneter similarly to the sample No. 4 
shown in Table 2, to prepare a fuse conductor to be contained in the capacitor shown In Fig. 2. This fuse 
conductor exhibited tensile strength of 60 kg/mm- and a fusing current, I.e.. the minimum current which was 
required for melting the fuse conductor within 1 second, of 1 .8 A. 

When a current five times the value of the rated current was fed to the capacitor containing the 
aforementioned fuse conductor, only the fuse conductor was broken with no damage to other electric 
circuits including the capacitor. 

As clearly understood from this, the fuse conductor according to the second aspect of the present 
Invention Is suitably contained In a capacitor. 

Example 6 



A fuse conductor of 30 um in wire diameter, which was similar in composition to the sample No. 15 
shown in Table 2, was employed to prepare a chip-type fuse. Both ends of this fuse were connected to a 
76 lead frame by resistance welding. When a current three times the value of the rated current was fed to this 
chip-type fuse, the fuse was melted within 1 second. 

Example 7 

20 A fuse wire of 60 um in wire diameter having the same composition as the sample No. 15 shown in 
Table 2 was interconnected with a part of a lead wire provided on an Input side of a transformer, to form a 
circuit. When a current of 1 .5 A was fed to this transfomier. the fuse was melted within 1 second, to prevent 
the transformer from burning. 

While a fuse circuit has generally been formed by a fuse tube, a holder and the like, the structure of a 

25 fuse portion can be simplified by employing the fuse wire according to the present invention, to attain a 
compact configuration. 

Although the present invention has been described and illustrated in detail, it is clearly understood that 
the same is by way of illustration and example only and is not to be taken by way of limitation, the spirit 
and scope of the present Invention being limited only by the terms of the appended claims. 



Claims 



1. A fuse conductor being made of at least one metal selected from a group of Cu, Ag and Au or an alloy 
of said metal and unavoidable impurities, said fuse conductor having a wire diameter being in a range 

35 of 0.02 to 0,10 mm. 

2. A fuse conductor in accordance with claim 1 . including a fuse conductor to be contained in a capacitor. 

3. A fuse conductor in accordance with claim 1, Including a fuse conductor to be contained in a 
40 semiconductor device. 

4. A fuse conductor In accordance with claim 1. including a fuse conductor to be contained in a fuse 
element. 

45 5. A fuse conductor in accordance with claim 1, including a fuse conductor providing a fuse function in a 
part of a circuit which is formed on a substrate. 

6. A fuse conductor comprising a central conductor and a coating layer made of at least one metal 
selected from a group of Ag, Au, Sn and Pb or an alloy of said metal, said fuse conductor having a wire 

50 diameter being in a range of 0.02 to O.lO mm. 

7, A fuse conductor in accordance with claim 6, wherein said central conductor is made of Cu, Fe or At 
or an alloy thereof. 

55 8. A fuse conductor in accordance with claim 6, including a fuse conductor to be contained in a capacitor. 

9. A fuse conductor in accordance with claim 6, Including a fuse conductor to be contained in a 
semiconductor device. 
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10. A fuse conductor in accordance with clainn 6, including a fuse conductor to be contained in a fuse 
elennent. 

11. A fuse conductor in accordance with claim 6, including a fuse conductor providing a fuse function in a 
5 part of a circuit which is formed on a substrate. 
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